Attorney Docket No.: 8054-4 (LW7020US) 
THIN FILM TRANSISTOR SUBSTRATE FOR LIQUID CRYSTAL DISPLAY PANEL 
AND MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a thin film transistor substrate and a 
manufacturing method thereof, and more particularly, to an amorphous silicon thin film 
transistor substrate having a gate driver for an LCD panel and a manufacturing method 
thereof. 

2. Description of the Related Art 

A liquid crystal display (LCD) is one of the most popular flat panel displays 
(FPDs). An LCD generally includes two substrates, each having an electrode formed on 
an inner surface thereof, and a liquid crystal layer interposed between the two 
substrates. In an LCD, a voltage is applied to the electrode to re-align liquid crystal 
molecules and control an amount of light transmitted through the liquid crystal layer. 

TFT-LCDs are now the most common type of LCDs. Electrodes are formed on 
each of the two substrates and thin film transistors (TFTs) are used for switching power 
supplied to each electrode. The TFT is typically formed on one side of the two 
substrates. 

Generally, an LCD in which TFTs are respectively formed in unit pixel regions is 
classified as an amorphous type TFT-LCD and a polycrystalline type TFT-LCD. The 
polycrystalline type TFT-LCD has advantages in that it is capable of speedier operation 
at low power consumption. It has also an advantage in that TFTs for pixels and 
semiconductor devices for drive-circuits can be formed together. 

On the other hand, the driving circuit for the polycrystalline type TFT-LCD 
further needs an annealing process for transforming an amorphous silicon into 
polycrystalline silicon after the amorphous silicon is deposited. In other words, in case 
that a glass substrate is used, a deformation in the glass substrate may occur during the 



annealing process. Also, since the gate driver has a structure of complementary metal 
oxide semiconductor (CMOS), both of n-channel transistor and p-channel transistor are 
formed on the same substrate. Thus, as compared with a manufacturing process of the 
amorphous type TFT-LCD in which a single channel type transistor is formed, a 
5 manufacturing process of the polycrystalline type TFT-LCD is more complicated and 
difficult. 

In general, a substrate on which TFTs for an LCD are formed is manufactured 
by a photolithography process using a plurality of masks, and five or six 
photolithography process steps are used. Since the photolithography process is 
10 expensive, it is desirable to reduce the number of photolithography steps. 

u SUMMARY OF THE INVENTION 

g There is provided an LCD panel substrate. In the above LCD panel substrate, a 

III gate pattern includes a gate line formed on a pixel region and a peripheral region of a 
15 If transparent insulating substrate respectively and a gate electrode branched from the 
*f gate line. A gate insulating film is formed on the substrate having the gate pattern. An 
* active pattern is formed on the gate insulating film and includes a first impurity region, a 
y, second impurity region, and a channel region formed between the first impurity region 
fj and the second impurity region. A data pattern is formed on the active pattern and the 
20 O gate insulating film. The data pattern includes a first electrode in contact with the first 
impurity region, a second electrode in contact with the second impurity region and a 
data line coupled to the first electrode. A first insulating interlayer is formed on the data 
pattern and the gate insulating film. The first insulating interlayer includes a first contact 
hole for partially exposing the first electrode, a second contact hole for exposing the 
25 gate electrode of a first drive transistor of the peripheral region and a third contact hole 
for exposing the first/second electrode of a second drive transistor of the peripheral 
region. An electrode pattern part is formed on the first insulating interlayer. The 
electrode pattern part includes a first electrode pattern coupled to the first electrode of 
the pixel region through the first contact hole, and a second electrode pattern 
30 connecting the partially exposed gate electrode of the first drive transistor with the 
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exposed first/second electrode of the second drive transistor through the second and 
third contact holes. 

Also, there is provided an LCD panel substrate, in which a gate pattern includes 
a gate line formed on a pixel region and a peripheral region of a transparent insulating 
5 substrate respectively and a gate electrode branched from the gate line. A gate 
insulating film is formed on the substrate having the gate pattern. An active pattern is 
formed on the gate insulating film and includes a first impurity region, a second impurity 
region, and a channel region formed between the first impurity region and the second 
impurity region. A data pattern is formed on the active pattern and the gate insulating 
10 film and includes a first electrode in contact with the first impurity region, a second 
electrode making contact with the second impurity region and a data line coupled to the 
y, first electrode. A first insulating interlayer is formed on the data pattern and the gate 
§ insulating film. The first insulating interlayer includes a first contact hole for partially 
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U1 exposing the second electrode, a second contact hole for partially exposing the first 
15 5y electrode of the pixel region, a third contact hole for exposing the gate electrode of a 
g first drive transistor of the peripheral region, and a fourth contact hole for exposing the 
a first/second electrode of a second drive transistor of the peripheral region. An electrode 
E pattern part is formed on the first insulating interlayer. The electrode pattern part 
^ includes a first electrode pattern coupled to the second electrode of the pixel region 
20 0 through the first contact hole, a second electrode pattern coupled to the first electrode of 
?y the pixel region through the second contact hole, and a third electrode pattern 
connecting the exposed gate electrode of the first drive transistor with the exposed 
first/second electrode of the second drive transistor through the third and fourth contact 
holes. 

25 There is also provided a method for manufacturing an LCD panel substrate. In 

the above method, a gate pattern including a gate line formed on a pixel region and a 
peripheral region of a transparent insulating substrate respectively and a gate electrode 
branched from the gate line are formed. A gate insulating film, a non-doped amorphous 
silicon layer, an impurity-doped amorphous silicon layer, and a metal layer are formed 

30 on the insulating substrate having the gate pattern. A photoresist pattern is formed on 
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the metal layer. Here, a portion the photoresist pattern corresponding to a channel 
region between a source electrode and a drain electrode is thinner than portions 
corresponding to the source electrode and the drain electrode. The metal layer, the 
doped amorphous silicon layer, and the amorphous silicon layer are patterned using the 
5 photoresist pattern as a mask to remove the metal layer of the channel region and to 
form a data pattern including the source electrode, the drain electrode spaced apart 
from the source electrode, and a data line coupled to the drain electrode and 
substantially perpendicular to the gate line. The photoresist pattern and the impurity- 
doped amorphous silicon layer of the channel region are removed. An insulating 
10 interlayer is formed on a resultant structure of the substrate. The insulating interlayer is 
partially etched to form a first contact hole for partially exposing the drain electrode of 
i* the P ixel region, a second contact hole for exposing the gate electrode of a first 
U transistor of the peripheral region, and a third contact hole for exposing the source/drain 
HI electrode of a second transistor of the peripheral region. A conductive film is formed on 
15 Q the first insulating layer having the first, second and third contact holes. The conductive 
0 film is patterned to form a first electrode pattern and a second electrode pattern. The 
.8 first electrode pattern is coupled to the drain electrode of the pixel region through the 
h first contact hole, and the second electrode pattern connects the partially exposed gate 
fj electrode of the first transistor with the exposed source/drain electrode of the second 
20 O transistor through the second and third contact holes. 

Also, there is provided a method for manufacturing an LCD panel substrate. In 
the above method, a gate pattern includes a gate line on a pixel region and a peripheral 
region of a transparent insulating substrate respectively and a gate electrode branched 
from the gate line. A gate insulating film, a non-doped amorphous silicon layer, an 
25 impurity-doped amorphous silicon layer and a metal layer are sequentially formed on 
the gate pattern and the substrate. A photoresist pattern is formed on the metal layer. 
Here, a portion of the photoresist pattern corresponding to a channel region between a 
source electrode and a drain electrode is thinner than portions corresponding to the 
source electrode and the drain electrode. The metal layer, the doped amorphous silicon 
30 layer and the amorphous silicon layer are patterned using the photoresist pattern as a 
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mask to remove the metal layer of the channel region and to form a data pattern 
including the source electrode and the drain electrode spaced apart from the source 
electrode. The photoresist pattern and the impurity-doped amorphous silicon layer of 
the channel region are removed. A first insulating interlayer is formed on a resultant 
5 structure of the substrate. The first insulating interlayer is partially etched to form a first 
contact hole for partially exposing the drain electrode of the pixel region, a second 
contact hole for partially exposing the source electrode of the pixel region, a third 
contact hole for exposing the gate electrode of a first transistor of the peripheral region 
and a fourth contact hole for exposing the source/drain electrode of a second transistor 
10 of the peripheral region. A conductive film is formed on the first insulating interlayer 
having the first, second, third and fourth contact holes. The conductive film is patterned 
to form a first electrode pattern, a second electrode pattern and a third electrode 
p| pattern. The first electrode pattern is coupled to the source electrode of the pixel region 
01 through the first contact hole, the second electrode pattern is coupled to the drain 
15 Ij electrode of the pixel region through the second contact hole and the third electrode 
pattern connects the exposed gate electrode of the first transistor with the exposed 
* source/drain electrode of the second transistor through the third and fourth contact 
p holes. 

f; Further, there is provided a method for manufacturing an LCD panel substrate. 

20 €3 In the above method, a gate pattern including a gate line on a pixel region and a 
peripheral region of a transparent insulating substrate respectively and a gate electrode 
branched from the gate line are formed. A gate insulating film is formed on the substrate 
having the gate pattern. An active pattern is formed on the gate insulating film. The 
active pattern includes a first impurity region, a second impurity region and a channel 

25 region between the first impurity region and the second impurity region. A data pattern 
including a drain electrode placed on and making contact with the first impurity region, a 
source electrode placed on and in contact with the second impurity region and a data 
line coupled to the source electrode and substantially perpendicular to the gate line is 
formed. An insulating interlayer is formed on the data pattern and the gate insulating 

30 film. The insulating interlayer is partially etched to form a first contact hole for partially 
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exposing the drain electrode of the pixel region, a second contact hole for exposing the 
gate electrode of a first drive transistor of the peripheral region and a third contact hole 
for exposing the source/drain electrode of a second drive transistor of the peripheral 
region. A conductive film is formed on the insulating interlayer having the first, second 

5 and third contact holes. The conductive film is patterned to form a first electrode pattern 
and a second electrode pattern. The first electrode pattern is coupled to the drain 
electrode of the pixel region through the first contact hole and the second electrode 
pattern connecting the exposed gate electrode of the first drive transistor with the 
exposed source/drain electrode of the second drive transistor through the second and 

10 third contact holes. 

Furthermore, there is provided a method for manufacturing an LCD panel 
u substrate. In the above method, a gate pattern including a gate line on a pixel region 
y and a peripheral region of a transparent insulating substrate respectively and a gate 
if! electrode branched from the gate line is formed. A gate insulating film is formed on the 

15 4j substrate having the gate pattern. An active pattern is formed on the gate insulating film. 
The active pattern includes a first impurity region, a second impurity region and a 
b channel region between the first impurity region and the second impurity region. A data 
P pattern including a drain electrode placed on and making contact with the first impurity 
region, a source electrode placed on and making contact with the second impurity 

20 0 region and a data line coupled to the source electrode and substantially perpendicular 
to the gate line is formed. A first insulating interlayer is formed on the data pattern and 
the gate insulating film. The first insulating interlayer is partially etched to form a first 
contact hole for partially exposing the source electrode of the pixel region, a second 
contact hole for partially exposing the drain electrode of the pixel region, a third contact 

25 hole for exposing the gate electrode of a first transistor of the peripheral region and a 
fourth contact hole for exposing the source/drain electrode of a second transistor of the 
peripheral region. A conductive film is formed on the first insulating interlayer having the 
first, second, third and fourth contact holes. The conductive film is patterned to form a 
first electrode pattern, a second electrode pattern and a third electrode pattern. The first 

30 electrode pattern is coupled to the source electrode of the pixel region through the first 
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contact hole, the second electrode pattern being coupled to the drain electrode of the 
pixel region through the second contact hole and the third electrode pattern connecting 
the exposed gate electrode of the first transistor with the exposed source/drain 
electrode of the second transistor through the third and fourth contact holes. 

Thus, according to the present invention, an area of the gate driving region is 
minimized and at the same time the number of the masks used for forming the thin film 
transistor is decreased to four or five sheets. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above objects and other advantages of the present invention will become 

more apparent by describing in detail preferred embodiments thereof with reference to 

the attached drawings in which: 

FIG. 1 is a schematic view of an LCD panel; 
FIG. 2 is a plan view of an LCD panel; 

FIG. 3 is a simplified circuit diagram of the LCD panel of FIG. 2, which has a single 
source drive circuit part in a transmission gate (TG) structure; 

FIG. 4 is a simplified plan view of a panel having a single drive circuit part in a 
double gate (DG) structure; 

FIG. 5 is a simplified circuit diagram of FIG. 4; 

FIG, 6 is a circuit diagram of a shift register in a gate driving region of an 
amorphous silicon thin film transistor substrate for an LCD in accordance with a 
preferred embodiment of the present invention; 

FIG. 7 is a sectional view of the amorphous silicon thin film transistor (a-Si TFT) 
substrate in accordance with a preferred embodiment of the present invention; 

FIG. 8 is a sectional view of the a-Si TFT substrate in accordance with another 
preferred embodiment of the present invention; 

FIGS. 9 to 14 are plan views each showing a unit pixel region and portions 
adjacent thereto in the a-Si TFT substrate of FIG. 7; 

FIGS. 15 to 23 are sectional views taken along a first line in FIGS. 9 to 14; 

FIGS. 24 to 29 are sectional views taken along a second line in FIGS. 9 to 14; 



FIG. 30 is a plan view for partially showing the gate driving region and the pixel 
region adjacent thereto; 

FIGS. 31 to 35 are plan views of patterns applied to unit processes to form the 
structure of FIG. 30; 

5 FIG. 36 is a partial detailed plan view of the unit pixel region and its adjacent 

portions of FIG. 30; 

FIGS. 37 to 41 are partial detailed plan views for describing unit processes in 
the unit pixel region and its adjacent portions; 

FIG. 42 is a partial detailed plan view of the gate driving region of FIG. 30; 
10 FIGS. 43 to 47 are partial detailed plan views for describing unit processes in 

the gate driving region; 

M FIG. 48 is a plan view of a sealing portion in the gate driving region in 

D accordance with preferred embodiments of the present invention; 
m FIG. 49 is a detailed plan view of the contact part in the gate driving region in 

15 fT accordance with preferred embodiments of the present invention; 

0 FIG. 50 is a plan view showing a signal line connection structure in the gate 

1 driving region in accordance with preferred embodiments of the present invention; and 

FIG. 51 is a plan view of lines of DE1 and DE2, data signal line extracted from 
H the source drive circuit part, and a switching part. 
20 fj 

W DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be embodied in many different 

25 forms and should not be construed as limited to the embodiments set forth herein. In 
the drawings, the thickness of layers and regions are exaggerated for clarity. Like 
numerals refer to like elements throughout. It will be understood that when an element 
such as a layer, region or substrate is referred to as being "on" another element, it can 
be directly on the other element or intervening elements may also be present. In 

30 contrast, when an element is referred to as being "directly on" another element, there 
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are no intervening elements present. Then, liquid crystal displays according to 
embodiments of the present invention will be described with reference to the drawings. 

Now, preferred embodiments of the present invention will be described in detail 
with reference to the annexed drawings. 

FIG. 1 is a schematic plan view of an LCD panel. 

Referring to FIG. 1, an LCD panel includes a thin film transistor (TFT) substrate 
100 as a lower substrate, a color filter substrate 200 as an upper substrate, and a liquid 
crystal layer (not shown) disposed between the TFT substrate 100 and the color filter 
substrate 200. A flexible printed circuit (FPC) connector 300 is attached on and 
connected to the TFT substrate 100 along one side edge of the LCD panel. 

The TFT substrate 100 is divided into a pixel region and a peripheral region. At 
the pixel region, there are arranged pixel electrodes in a matrix configuration. Thin film 
transistors as switching elements are respectively coupled to the pixel electrodes. In 
FIG. 1 , reference symbol DA indicates a display area. 

At the peripheral region, there are arranged a source drive circuit part 400 and a 
gate drive circuit part 500. The source drive circuit part 400 separates a gate driving 
signal and a data driving signal from an external image signal input through the FPC 
connector 300 and applies the separated data driving signal to data lines. The gate 
drive circuit part 500 applies the gate driving signal separated from the source drive 
circuit part 400 to gate lines. The source drive circuit part 400 is mounted on the TFT 
substrate 100 in a chip on glass (COG) type. The source drive circuit part 400 may be 
plural as shown in FIG. 1 or be a single structure as shown in FIG. 2. 

FIG. 2 is a simplified plan view of a panel having the single source drive circuit 
part 400 in a transmission gate (TG) structure. Referring to FIG. 2, there is disposed a 
switching part 600 which allows data signals to be applied to the data lines of the pixel 
region from the source drive circuit part 400. 

FIG. 3 is an example of a circuit diagram of the switching part 600 as shown in 
FIG. 2. A planar structure of lines DE1 and DE2, data lines connected to the source 
drive circuit part 400. A plan view of the switching part 600 is shown in FIG. 51 . 

FIG. 4 is a simplified plan view of a panel having the single drive circuit part in a 



double gate (DG) structure and FIG. 5 is a simplified circuit diagram of FIG. 4. 

Referring to FIGS. 4 and 5, in the double gate structure, the gate drive circuit 
parts 500 and 501 are arranged along both edges of the LCD panel. For instance, a first 
gate drive circuit part 500 placed at the left side applies gate signals to thin film 
transistors connected to odd pixel electrodes and a second gate drive circuit part 501 
placed at the right side applies gate signals to thin film transistors connected to even 
pixel electrodes. 

Each LCD panel shown in FIG. 1 through FIG. 5 has the gate driving circuit part 
including a plurality of shift registers. FIG. 6 shows a circuit diagram of these shift 
registers which will be described later. 

In embodiments of the present invention, the gate drive circuit part has the 
following characteristics. 

First, as shown in FIG. 48, a seal line which is used for attaching the TFT 
substrate and the color filter substrate is designed separately from the gate drive circuit 
part, which prevents a short failure in the interconnection lines that may occur when the 
seal line is disposed on the insulating interlayer of the gate drive circuit part. 

Also, as shown in FIG. 49, the number of electrical contacts is minimized and 
drive circuits are designed to have a minimum area. In other words, first and second 
transistors that are relatively wide in width are connected directly to the output terminal 
(OUT), and the remainder transistors of third to ninth transistors NT3 to NT9 are 
arranged at a middle portion. As shown in FIG. 50, signal lines 113 are arranged at the 
outside of the pixel region and the gate drive regions. 

Further, a range in which pixel electrodes are used is limited within the contact 
portion such that the circuit characteristic does not depend on the kinds of electrodes 
used. 

Furthermore, as the sensitivity against the resistance becomes greater, 
interconnection line width is increased. (Voff>VCK1 =VCK2>Vst) 

A structure of LCD panel for liquid crystal display according to embodiments of 
the present invention will be described in detail. 
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Embodiment 1 

FIG. 7 is a sectional view of an amorphous silicon thin film transistor substrate 
having a pixel region and a peripheral region in accordance with a first embodiment of 
the present invention. The peripheral region includes a pad region and a gate driving 
region. 

Referring to FIG. 7, gate patterns 112a, 112b, 112c, 112d, 112e, and 112f on a 
transparent insulating substrate 110 are arranged in the pixel region and the peripheral 
region. The gate patterns 112a-112f include gate lines and gate electrodes branched 
from the gate lines. The gate patterns 112b and 112e respectively arranged at the pixel 
region and the peripheral region function as lower electrodes of storage capacitors. 

Each of the gate patterns 112a-112f is a single layered structure having a 
thickness of about 2500 A or a double-layered structure in which a lower layer is formed 
of Cr in a thickness of approximately 500 A and an upper layer is formed of an alloy of 
AINd in a thickness of approximately 2,000 A. 

The pad region is placed between the pixel region and the gate driving region. 
The gate pattern 112c is used for a gate pad in the pad region, which is made from the 
same layer of the gate patterns arranged at the pixel region. An extending line of the 
gate line in the pixel region is electrically connected to the gate pad 112c. 

A gate insulating film 114 is disposed on the entire surface of the substrate 100 
having the gate patterns 112a-112f. The gate insulating film 114 is preferably made of 
silicon nitride (SiNx), silicon oxide, or the like having a thickness of approximately 4,500 
A. 

An active layer pattern including first impurity regions 118a and 118c, second 
impurity regions 118b and 118d, and channel regions 116a and 116b is disposed on the 
gate insulating film 114 at the pixel region and the gate driving region. The channel 
regions 116a and 116b are respectively disposed between the first impurity regions 
118a and 118c and the second impurity regions 118b and 118d. The channel regions 
116a and 116b are made of intrinsic amorphous silicon in a thickness of approximately 
2,000 A. The first and second impurity regions 118a-118d are made of extrinsic 



11 



amorphous silicon in which n-type impurities are highly doped in a thickness of 
approximately 500 A. 

A data pattern is arranged on the active pattern 118a-118d, 116a, and 116b. The 
data pattern includes source electrodes 120a and 120e respectively in contact with the 
first impurity regions 118a and 118c, drain electrodes 120b and 120f respectively in 
contact with the second impurity regions 118b and 118d, and data lines (not shown) 
substantially perpendicular to the gate lines and connected to the source electrodes 
120a and 120e. 

As shown in FIG. 7, the source electrode 120e and the drain electrode 120f of a 
TFT in the gate driving region are preferably made in an interdigital structure having 
multi-channels. In other words, even source electrodes 120e are alternatively disposed 
between odd drain electrodes 120f. 

An upper storage electrode 120g is disposed on the gate insulating film 114. 
The upper storage electrode 120g is overlapped with the gate pattern 112e (used as a 
lower storage electrode) with the gate insulating film 114 interposed therebetween. 

A data pad 120d is disposed in the pad region, which is made of the same layer 
as the data patterns 120a-120g. 

On the resultant substrate including the data patterns 120a-120g, a passivation 
film 130 in which a first contact hole H1 for partially exposing the drain electrode 120b in 
the pixel region, a second contact hole H2 for partially exposing the contact gate pattern 
112f, and a third contact hole H3 for exposing the contact data pattern 120h of the gate 
driving region are formed. Hereinafter, the gate pattern 112f is called "contact gate 
pattern" and the data pattern 120h is called "contact data pattern". Fourth and fifth 
contact holes H4 and H5 are also formed in the pad region for partially exposing the 
gate pad 112c and the data pad 120d, respectively. According to an embodiment of the 
present invention, the passivation film 130 is formed of silicon nitride or the like and has 
a thickness of approximately 1 .85 fxm. 

On the passivation film 130 including the first to fifth contact holes H1-H5, there 
is disposed an electrode pattern part in which a pixel electrode (or a first electrode 
pattern) 140 which is connected to the drain electrode 120b of the pixel region through 
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the first contact hole H1, a second electrode pattern 142 which electrically connects the 
exposed contact gate pattern 112f in the gate driving region with the exposed contact 
data pattern 120h in the gate driving region through the second and third contact holes 
H2 and H3, and a third electrode pattern 143 which electrically connects the gate pad 
112c in the pad region with the data pad 120d in the pad region through the fourth and 
fifth contact holes H4 and H5. Here, the second electrode pattern 142 in the gate driving 
region and the third electrode pattern 143 in the pad region can be regarded as contact 
terminals of the same functional group when it is considered that they electrically 
connect a part of the gate patterns with a part of the data patterns. 

Detailed constitutions for these contact terminals portions are shown in FIG. 49. 
Referring to FIG. 49, one end of the contact gate pattern 112f is exposed through the 
second contact hole H2 and one end of the contact data pattern 120h is exposed 
through the third contact hole H3. The contact gate pattern 112f and the contact data 
pattern 120h are electrically connected to each other by the second electrode pattern 
142. According to a preferred embodiment of the present invention, one end line of each 
of the second and third contact holes H2, H3 is formed longer by about 4 urn than one 
end line of each of the contact gate pattern 112f and the contact data pattern 120h, and 
the width of the second electrode pattern 142 is larger than the width of each of the 
contact gate pattern 112f and the contact data pattern 120h by about 5 from one 
side line of each of the contact gate pattern 112f and the contact data pattern 120h, or 
by about 10 \im on the whole. 

In case that the TFT substrate of the present invention is applied to a 
transmission type LCD, the first electrode pattern 140, the second electrode pattern 
142, and the third electrode pattern 143 are made of transparent material such as 
indium tin oxide (ITO), indium zinc oxide (IZO), or the like. And in case that the TFT 
substrate is applied to a reflection type LCD, they may be made of opaque material 
such as chromium (Cr), AINd, or the like. Especially, when the reflection electrode of the 
reflection type LCD has an uneven surface, a photosensitive organic insulating film 
having an uneven surface is used as the passivation film. The use of the photosensitive 
organic insulating film allows deletion of at least one patterning process for forming a 
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contact hole and an uneven surface. 
Embodiment 2 

FIG. 8 is a sectional view of the amorphous silicon thin film transistor substrate 
in accordance with second embodiment of the present invention. 

Comparing FIG. 8 with FIG. 7, constitution of the data line is different from each 
other. As shown in FIG. 8, a data line 144 is disposed on a passivation film 130 together 
with a pixel electrode 140 and is spaced apart by a predetermined interval from the pixel 
electrode 140. Particularly, the data line 144 is only disposed on the source electrode 
120a, not on the whole pixel region on the resultant substrate. 

On the resultant substrate including the data pattern, the passivation film 130 is 
formed, in which a first contact hole H1 for partially exposing the source electrode 120a 
in the pixel region, a second contact hole H2 for partially exposing the drain electrode 
120b in the pixel region, a third contact hole H3 for exposing the contact gate pattern 
112f of the gate driving region, and a fourth contact hole H4 for exposing a contact data 
pattern 120h of the gate driving region. And fifth and sixth contact holes H5 and H6 are 
disposed in the pad region for partially exposing a gate pad 112c and a data pad 120d, 
respectively. 

According to the embodiment of the present invention, the passivation film 130 
is formed of silicon nitride or the like and has a thickness of approximately 1 .85 jim. 

On the passivation film 130 including the first contact hole H1 to the sixth 
contact hole H6, there is disposed an electrode pattern part. The electrode pattern part 
includes the data line (or a first electrode pattern) 144 connected to the source 
electrode 120a of the pixel region through the first contact hole H1, a pixel electrode (or 
a second electrode pattern) 140 spaced apart by a selected interval from the data line 
144 and electrically coupled to the drain electrode 120b of the pixel region through the 
second contact hole H2, a third electrode pattern 142 which electrically connects the 
exposed contact gate pattern 112f in the gate driving region with the exposed contact 
data pattern 120h in the gate driving region through the third and fourth contact holes 
H3 and H4, and a fourth electrode pattern 143 which electrically connects the gate pad 
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112c in the pad region with the data pad 120d in the pad region through the fifth and 
sixth contact holes H5 and H6. 

Here, the third electrode pattern 142 in the gate driving region and the fourth 
electrode pattern 143 in the pad region can be regarded as contact terminals of the 
same functional group when it is considered that they electrically connect a part of the 
gate patterns with portions of the data patterns. 

Since the remaining elements except for the foregoing elements are the same 
as those of the first embodiment, their further description will be omitted. 

According to Embodiments 1 and 2, a contact area in the peripheral region is 
minimized, and gate drivers are integrated within a smaller area. Also, since the use of 
the pixel electrode in the gate driving region is limited to the contact portions, circuit 
characteristics are not dependent upon the type of electrode, thereby the circuit can be 
stably operated. 

Embodiment 3 

FIGS. 9 to 14 are plan views each showing a unit pixel region and portions 
adjacent thereto in the amorphous silicon (a-Si) TFT substrate of FIG. 7, FIGS. 15 to 23 
are sectional views respectively taken along a first line in FIGS. 9 to 14, and FIGS. 24 to 
29 are sectional views respectively taken along a second line in FIGS. 9 to 14. For 
example, FIG. 15 is a sectional view taken along the line 15-15' in FIG. 9 and FIG. 24 is 
a sectional view taken along the line 24-24' in FIG. 9. 

Referring to FIGS. 9, 15, and 24, a light shielding film (not shown) such as 
silicon oxide is formed on a transparent substrate 202. The substrate 202 is made of an 
insulating material such as glass, quartz, or sapphire. 

A gate pattern is formed on the light shielding film (not shown), which includes a 
gate line 212a, a gate electrode 21 2d branched from the gate line 212a, and a lower 
storage electrode pattern 212b and 212c extending from the gate electrode 212d and 
having an open loop structure in which the lower storage electrode pattern 212b and 
212c envelops edge portions of a unit pixel region. 

Although not shown in the drawings, a gate pad and a contact gate pattern are 
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formed for receiving scan signals from an external integrated circuit (IC) in the 
peripheral region. The gate pad and contact gate pattern are manufactured from the 
same layer as the gate pattern of the pixel region. 

The gate pattern has a single layer structure such as aluminum (Al), an Al alloy 
of AINd, or a multi-layered structure in which Al or AINd alloy is stacked on Cr film. This 
gate pattern is formed by depositing a film having the aforementioned single layer 
structure or multi-layered structure to a thickness of approximately 2,000 to 
approximately 3,000 A on the substrate 202 and patterning the deposited film by a 
conventional photolithography method using a first mask. 

FIG. 16 is a sectional view taken along the line 16-16' of FIG. 10 and FIG. 25 is 
a sectional view taken along the line 25-25' of FIG. 11. 

Referring to FIGS. 10, 16, and 25, after forming the gate pattern 211a-212d, a 
gate insulating film 214 such as silicon nitride (SiNx), or the like, an intrinsic amorphous 
silicon (a-Si : H) film 216 in which impurities are not doped, and an extrinsic amorphous 
silicon (n+ a-Si) film 218 in which impurities are highly doped are sequentially deposited 
on the resultant substrate including the gate pattern 211a-212d. These three layers 214, 
216, and 218 are formed by a method such as a plasma enhanced chemical vapor 
deposition (PECVD) method, which is one kind of the chemical vapor deposition (CVD) 
method. As an example, the gate insulating film 214 is formed of approximately 4,500 A 
thick, the intrinsic amorphous film 216 is formed of approximately 2,000 A thick, and the 
extrinsic amorphous silicon film 218 is formed of approximately 500 A thick. 

FIG. 17 is a sectional view taken along the line 20-20' of FIG. 11 and FIG. 26 is 
a sectional view taken along the line 26-26' of FIG. 11 . 

Referring to FIGS. 11, 17, and 26, after forming a gate insulating film 214, an 
intrinsic amorphous silicon (a-Si : H) film 216, and an extrinsic amorphous silicon (n+ a- 
Si) film 218, a metal layer 220 for source/drain electrode is formed on the entire surface 
of the extrinsic amorphous silicon film 218 by a physical vapor deposition method such 
as a sputtering method. The metal layer 220 is preferably formed from materials such 
as aluminum (Al) or aluminum alloy, molybdenum (Mo) or molybdenum tungsten (MoW), 
chromium (Cr), tantalum (Ta), and titanium (Ti). 
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The metal layer 220 for source/drain electrode and the underlying three layers 
218, 216, and 214 are patterned using a second mask. Specifically, referring to FIG. 17, 
a positive type photoresist film 250 is coated on the entire surface of the metal layer 220 
to have a predetermined thickness and then a mask 240 is aligned over the coated 
photoresist film. The mask 240 has a transparent region 240b and an opaque region 
240a which is aligned over a source region, a drain region, and a channel region. In 
particular, a portion of the transparent region 240b between the channel region and a 
portion of the source region and between the channel region and the drain region has a 
slit structure, respectively. Since light passing through these slits is diffracted, it is 
designed that an interval between the slits is slightly smaller than an interval of the 
channel region. In case that ultra violet rays are used as the light, the ultra violet rays 
passing through the slits are diffracted to expose the channel region portion of the 
photoresist film. At the same time, the remaining photoresist film is also exposed to the 
ultra violet rays. The exposed photoresist film is developed as shown in FIG. 18, a 
photoresist mask pattern 250e in which the channel region portion is removed to a 
predetermined depth is formed. 

Referring to FIG. 19, a portion that is not covered with the photoresist mask 
pattern 250e is removed, so a portion of the exposed metal layer 220 , a portion of the 
underlying extrinsic amorphous silicon film 218, and a portion of the underlying intrinsic 
amorphous silicon film 216 are removed. According to a preferred embodiment of the 
present invention, at least one of the exposed metal layer 220, the extrinsic amorphous 
silicon film 218, and the intrinsic amorphous silicon film 216 is removed by a dry etch 
method to remove a portion of the photoresist mask pattern in the channel region 
portion together. In other words, since the photoresist mask pattern 250e in the channel 
region portion becomes very thin while the developing process is performed, it is 
removed together during the dry etch method. 

Next, referring to FIGS. 20 and 21 , the exposed metal film 220 in the channel 
region and the underlying extrinsic amorphous silicon film 218 are completely removed 
by an etch method, and the underlying intrinsic amorphous silicon film 216 is removed 
by a predetermined thickness. 
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After patterning, the intrinsic amorphous film 216 and the extrinsic amorphous 
film 218 become active patterns 216 and 218, and the metal line 220 becomes a data 
line 220. 

FIG. 12 is a plan view showing a state in which the aforementioned second 
mask process is completed, FIG. 21 is a sectional view taken along the line 21-21' of 
FIG. 12 and FIG. 27 is a sectional view taken along the line 27-27' of FIG. 12. 

Referring to FIGS. 12, 21, and 27, the active patterns 216 and 218 in the source 
region extend to be substantially perpendicular to the gate line 212a and they are also 
overlapped with the data line 220. The active patterns 216 and 218 are interposed 
between the data line 220 and the insulating film 214. Each of the active patterns 216 
and 218 has a width smaller than the data line 220. Thus, the extending active patterns 
216 and 218 function to prevent an opening of the data line 220 and to lower the 
resistance of the data line 220. 

FIG. 13 is a plan view showing a state in which a passivation film 222 is formed 
on the resultant substrate of FIG. 12, FIG. 22 is a sectional view taken along the line 22- 
22' of FIG. 13, and FIG. 28 is a sectional view taken along the line 28-28' of FIG. 13. 
According to an embodiment of the present invention, the passivation film 222 is formed 
by CVD of silicon nitride or silicon oxide, preferably having a thickness of about 1 .85 
urn. After this step, as shown in FIGS. 13, 22, and 28, a first contact hole 223 is formed 
for exposing a selected portion of a drain electrode in the metal layer 220at a 
predetermined portion of the passivation film 222 using a third mask. Meanwhile, 
although not shown in the drawings, a second contact hole for exposing the gate pattern 
in the gate driving region and a third contact hole for exposing the data pattern in the 
gate driving region are formed together with the first contact hole 223 using the third 
mask. 

Next, referring to FIGS. 14, 23, and 29, a metal film is deposited having a 
thickness of approximately 1 ,500 A on the entire surface of the resultant substrate by a 
sputtering method. As shown in FIG. 23, the deposited metal film is patterned into two 
kinds of conductive pattern by using a fourth mask. In other words, there is patterned a 
pixel electrode 224 (or first electrode pattern) which is in contact with the drain electrode 
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in the metal layer 220 through the first contact hole at the pixel region. Although not 
shown in the drawings, a second electrode pattern are formed, which connects the gate 
pattern extended from the gate electrode of the first transistor with the data pattern 
extended from the source/drain electrode of the second transistor adjacent to the first 
transistor through the second and third contact holes. 

As shown in the sectional views of FIGS. 23 and 29, the patterned pixel 
electrode 224 has the passivation film 222 and the gate insulating film 214 as a 
dielectric layer, which are interposed between the pixel electrode 224 and the lower 
storage electrodes 212b and 212c. The patterned pixel electrode 224 functions as the 
upper electrode of a storage capacitor. By the above constitution, phase of liquid crystal 
is stably maintained until a following signal is applied. 

In case that the manufacturing method of the thin film transistor substrate 
disclosed in the third embodiment is applied to a transmission type LCD, the first 
electrode pattern 224 and the second electrode pattern (not shown) are made of 
transparent conductive material such as indium tin oxide (ITO), indium zinc oxide (IZO), 
or the like. On the contrary, in case that the manufacturing method is applied to a 
reflection type LCD, the pixel electrode is made of opaque conductive material such as 
chromium (Cr), AINd alloy, or the like. 

In particular, when the reflection electrode of the TFT substrate for the reflection 
type LCD has a specific uneven surface, a photosensitive organic insulating film having 
an uneven surface may be used as the passivation film. 

Since the photosensitive organic insulating film does not require a process for 
forming a photosensitive mask pattern thereon, at least one patterning process for 
forming a contact hole and an irregular surface can be omitted. 

According to the present embodiment, the active pattern, the source electrode 
and the drain electrode are formed by one masking process and the contact gate 
pattern extended from the gate of the first thin film transistor and the contact data 
pattern extended from the source/drain electrode of the second thin film transistor are 
simultaneously formed while the pixel electrode is patterned. Accordingly, the number of 
the masks used for forming the thin film transistor can be decreased to four sheets. 
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Embodiment 4 

In a similar manner as described for Embodiment 2 and FIG. 8, the present 
embodiment discloses a method for manufacturing a thin film transistor substrate in 
which data lines are formed on the passivation film using only four sheets of mask. 

As shown in FIGS. 15 and 24, using a first mask, there is formed a gate pattern 
including a gate electrode 212d, a gate line 212a, and a lower storage electrode 212b 
and 212c. Then, a gate insulating film 214 is deposited to a selected thickness on the 
entire surface of the resultant substrate. 

In the same manner as that shown in FIGS. 17-21, an active pattern including 
first and second impurity regions and channel region and a data pattern including the 
source electrode and the drain electrode are formed using a second mask, but the data 
line integrated with the source electrode is not formed at the pixel region. 

Next, referring to FIGS. 22 and 8, a passivation film 130 such as silicon nitride or 
the like is formed on the resultant substrate including the active pattern and the data 
pattern. Thereafter, a first contact hole H1 for partially exposing the source electrode 
120a of the pixel region, a second contact hole H2 for partially exposing the drain 
electrode 120b of the pixel region, a third contact hole H3 for exposing the contact gate 
pattern 1 1 2f of the gate driving region, and a fourth contact hole H4 for exposing a 
contact data pattern 120h of the gate driving region are formed in the passivation film 
130 as using a third mask. Also, in the pad region of the passivation film 130, there are 
formed fifth and sixth contact holes H5 and H6 for partially exposing a gate pad 112c 
and a data pad 120d, respectively. 

On the passivation film 130 including the first contact hole H1 to the sixth 
contact hole H6, a metal film for the pixel electrode is deposited to a predetermined 
thickness. The deposited metal film is patterned using a fourth mask, thereby forming 
an electrode pattern part. The electrode pattern part includes the data line (or a first 
electrode pattern) 144 which is connected to the source electrode 120a of the pixel 
region through the first contact hole H1, the pixel electrode (or a second electrode 
pattern) 140 which is electrically coupled to the drain electrode 120b of the pixel region 

20 



through the second contact hole H2, a third electrode pattern 142 which electrically 
connects the exposed contact gate pattern 112f of the gate driving region and the 
exposed data pattern 120h of the gate driving region to each other through the third and 
fourth contact holes H3 and H4, and a fourth electrode pattern 143 which electrically 
connects the gate pad 112c of the pad region and the data pad 120d of the pad region 
to each other through the fifth and sixth contact holes H5 and H6. 

Here, the third electrode pattern 142 of the gate driving region and the fourth 
electrode pattern 143 of the pad region can be regarded as contact terminals of the 
same functional group from the fact that they electrically connect a part of the gate 
patterns with a part of the data patterns. 

Like the above embodiments, in case that the manufacturing method of the thin 
film transistor substrate disclosed in the fourth embodiment is applied to a transmission 
type LCD, the first electrode pattern 144 and the second electrode pattern 140 are 
comprised of a transparent conductive material such as indium tin oxide (ITO) or indium 
zinc oxide (IZO). On the contrary, in case that the manufacturing method is applied to a 
reflection type LCD, the pixel electrode is comprised an opaque conductive material 
such as chromium (Cr) or AINd alloy. 

In particularly, when the reflection electrode of the TFT substrate for the 
reflection type LCD has a specific uneven surface, a photosensitive organic insulating 
film having an uneven surface may be used as the passivation film. Since the 
photosensitive organic insulating film does not need a process for forming a 
photosensitive mask pattern thereon, at least one patterning process for forming a 
contact hole and an uneven surface may be omitted. 

According to the present embodiment, the active pattern, the source electrode 
and the drain electrode are formed by one masking process and the contact gate 
pattern extended from the gate of the first thin film transistor and the contact data 
pattern extended from the source/drain electrode of the second thin film transistor are 
simultaneously formed while the pixel electrode is patterned. Accordingly, the number of 
the masks used for forming the thin film transistor can be decreased to four sheets. 
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Embodiment 5 

The present embodiment is a layout design of a pattern for minimizing contacts 
in the gate driving region and thereby minimizing the occupied area. 

FIG. 30 is a plan view partially showing the gate driving region and its adjacent 

5 portion. 

Referring to FIG. 30 and FIG. 6, first and second transistors NT1 and NT2 as 
the gate line driving transistor are arranged at a portion adjacent to the pixel region and 
external signal lines CKB, CK, VDD, VSS, and ST are arranged at the most distant 
position from the pixel region. Third to ninth transistors NT3 - NT9 as a control transistor 
10 are arranged between the gate line driving transistors region and the external signal 
lines region. Capacitor C is arranged between the first gate line driving transistor NT1 

V* and the second gate line driving transistor NT2. The capacitor C includes a lower 

p 

5 electrode arranged at an extended portion of the lower portion of the gate electrode of 

jp 1 the first driving transistor NT1 , an upper electrode arranged at an extended portion of 

15 Sj the upper portion of the drain electrode of the second driving transistor NT2, and a gate 

2 insulating film of SiNx interposed between the upper electrode and the lower electrode. 
!L FIGS. 31 to 35 show unit patterns for forming the structure of FIG. 30. The 

s ":: 

H sectional structures of the aforementioned FIGS. 7 and 8 partially correspond to the 
Ci plane structure of FIG. 30. FIG. 36 is a partial detailed plan view of a unit pixel region 

20 O and an adjacent portion thereof, and FIGS. 37 to 41 are partial detailed plan views of 

Hj. 

FIG. 30. FIG. 42 is a partial detailed view of a peripheral region including the gate 
driving region and the pad region and FIGS. 43 to 47 are partial detailed plan views 
showing unit patterns in the peripheral region. 

Referring to FIGS. 31 , 37, 43, and 7, a plurality of gate patterns are formed on a 

25 transparent insulating substrate 110 using a first mask. The plurality of gate patterns 
have a single layer structure of aluminum (Al) or an aluminum-contained alloy such as 
AINd, or a double layer structure in which chromium (Cr) or molybdenum (Mo) is 
stacked on Al. The plurality of gate patterns in the pixel region includes gate lines 112g 
arranged in a horizontal direction, a lower capacitor line 112h parallel to the gate line 

30 112g disposed between adjacent gate lines 112g and parallel to the gate line 112g, a 
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lower capacitor pattern 112i overlapped with the lower capacitor line 112h and formed 
within a unit pixel region, and a gate electrode 112a branched from the gate line 112g. 
As shown in FIG. 31, a gate pad 112c is placed between the pixel region and the gate 
driving region to be connected to one end of the gate line 112g. The gate pad 112c of 
output terminal OUT receives scan signals from an external information processing 
device and applies the received scan signals to the gate line 112g. Gate electrodes 
112d-1 and 112d-2 of the first driving transistor NT1 and the second driving transistor 
NT2, respectively, have wider width than those of gates of the third transistor NT3 to the 
ninth transistor NT9 shown in the detailed view of FIG. 43. Also, the gate electrode 
112d-1 of the first driving transistor NT1 includes a lower storage pattern 112e extended 
toward the gate electrode 112d-2 of the second driving transistor NT2. 

As the patterning process of the gate pattern shown in FIG. 31 is completed, the 
gate insulating film 114 such as silicon nitride or silicon oxide is formed on the entire 
surface of the resultant substrate. Then, as shown in FIG. 7, active patterns 116a, 116b, 
118a, 118b, 118c, and 118d are formed on the gate insulating film 114 using a second 
mask. 

FIGS. 32, 38, and 44 are plan views showing a state in which the active 
patterns 116 and 118 are formed at the pixel region on the gate insulating film 114. 

Referring to FIGS. 32 and 38, there are formed first to third active patterns. The 
active patterns includes a first active pattern 118e substantially perpendicular to the gate 
line 112g (in FIG. 31), a second active pattern 117 partially overlapped with the gate 
electrode 112a (in FIG. 31), and a third active pattern 118f disposed at selected portions 
of the first active pattern 118e and overlapped with the lower capacitor line 112h (in FIG. 
37). The second active pattern 117 includes a first impurity region 118a (or drain region), 
a second impurity region 118b (or source region), and a channel region 116a between 
the first impurity region 118a and the second impurity region 118b. 

Referring to FIGS. 32 and 44, the active patterns 118c-1 and 118c-2 on the first 
gate line driving transistor NT1 and the second gate line driving transistor NT2 
connected to output terminals of the gate driving region have wider width than those of 
the active patterns on the third NT3 to ninth transistors NT9. 
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Of the active patterns shown in FIG. 32, the symbol "SP" denotes dummy 
patterns which are provided for protecting the source pattern crossed with the 
underlying gate pattern. These dummy patterns decrease the surface slope of a surface 
in which the source pattern is being formed, thereby preventing short of upper source 
metal lines. 

As shown in FIG. 33, on the resultant substrate including the active patterns, 
there are formed source/drain metal patterns 120. The source/drain metal patterns 120 
are formed by depositing a Cr film to have a thickness of approximately 1 ,500 A on the 
entire surface of the resultant substrate and patterning the deposited Cr film by a 
conventional photolithography method using a third mask. 

Referring to FIGS. 33, 39, and 45, there are arranged data lines 120i 
perpendicular to the gate lines 112i (in FIG. 37) and overlapped with the first active 
pattern 118e (in FIG. 38) in the pixel region. Source electrode 120a branched from the 
data line 120i and drain electrode 120b spaced apart by a certain distance from the 
source electrode 120a are formed together with the data lines 120i in a unit pixel region 
such that they are in contact with the first and second impurity regions 118a and 118b of 
the second active pattern 117. As shown in FIG. 39, the drain electrode 120b is 
overlapped with the lower capacitor pattern 112i shown in FIG. 31 to secure a sufficient 
storage capacitance. 

Referring to FIG. 33, source/drain pad 120d (or data pad) is formed adjacent to 
the gate pad 112c (in FIG. 31) at the gate driving region. The source/drain pad 120d and 
the gate pad 112c (in FIG. 31) are electrically connected to each other by a contact 
pattern which is formed together with the pixel electrode of the pixel region, as shown in 
FIG. 30. 

The source and drain electrodes of the first driving transistor NT1 and the 
second driving transistor NT2 are formed in an interdigital structure. In other words, 
even source electrodes 120e are commonly connected to the left source pad 120d, odd 
drain electrodes 120f are commonly connected to the right drain pad, and the even 
source electrodes 120e are alternatively disposed between the odd drain electrodes 
120f. A first odd drain electrode 120f of the first driving transistor NT1 is extended 
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toward its width direction to be overlapped with the lower storage electrode 112e (in 
FIG. 31 ) for the first driving transistor NT1 , and thereby the first odd drain electrode 1 20f 
functions as the upper electrode of the capacitor C connected between the source 
electrode 120e (in FIG. 31) and the gate electrode 11 2d in the first driving transistor 
NT1 The interdigital structure applied to the source and drain electrodes of the first and 
second driving transistors NT1 and NT2 increases the channel width of the driving 
transistor, so that a sufficient driving capability of the thin film transistors comprised of 
amorphous silicon is secured. 

As the formation of the source/drain metal patterns 120 shown in FIG. 33 is 
completed, the passivation film 130 is formed on the resultant structure, as shown in 
FIG. 7. The passivation film 130 is comprised of an inorganic insulating material such as 
silicon oxide, silicon nitride, or a mixture thereof. 

Next, as shown in FIG. 34, contact holes H1-H5 are formed in the passivation 
film through a conventional photolithography method using a fourth mask. Specifically, 
the first contact hole H1 is formed at the pixel region and the first contact hole H1 
partially exposes the drain electrode 120b (in FIG. 33). The second contact hole H2 and 
the third contact hole H3 are formed at the gate driving region. The second contact hole 
H2 exposes the contact gate pattern and the third contact hole H3 exposes the contact 
data pattern. In addition to the second and third contact holes H2 and H3, the fourth and 
fifth contact holes H4 and H5 are formed at the gate driving region. Like the second and 
third contact holes H2 and H3, the fourth and fifth contact holes H4 and H5 are sorted 
into a first group for exposing the contact gate pattern and a second group for exposing 
the contact data pattern. To this end, it may be regarded that the contact holes for 
exposing the gate pad 112c (in FIG. 31) are included in the second contact hole group 
and the contact holes for exposing the data pad 120d (in FIG. 33) are included in the 
third contact hole group. 

As shown in FIG. 35, the pair of contact holes H2 and H3 which are arranged 
adjacent to each other are electrically connected to each other by an electrode pattern 
144 which is simultaneously formed together with the pixel electrode pattern provided in 
the pixel area. In other words, in order to electrically connect signal lines including the 
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gate metal patterns and the source patterns each other, the contact holes are formed in 
the passivation film and then the contact patterns comprised of the same material as in 
the pixel electrode pattern are formed on the passivation including the contact holes. 
Specifically, as the formation of the contact holes are completed, a metal film for the 
pixel electrode is deposited on the passivation film including the contact holes. The 
deposited metal film is then patterned by the conventional photolithography method 
using a fifth mask. 

FIG. 35 is a plan view showing the pixel electrode pattern formed on the 
passivation film including the contact holes, FIG. 41 is a detailed plan view of the pixel 
electrode patterns shown in FIG. 35, and FIG. 47 is a plan view showing electrode 
patterns formed at the gate driving region. As shown in FIG. 35, the pixel electrode (or 
first electrode pattern) 140 in the pixel region makes contact with the drain electrode 
120b (in FIG. 33) through the first contact hole H1 (in FIG. 34) formed in the passivation 
film 130. A pixel electrode pattern (or second electrode pattern) 144 formed in the gate 
driving region of the peripheral region connects the exposed gate pattern 112f (in FIG. 
7) and the exposed data pattern 120h (in FIG. 7) electrically to each other through the 
second and third contact holes H2 and H3. Also, a pixel electrode pattern (or third 
electrode pattern) 143 formed in the pad region of the peripheral region connects the 
exposed data pad 120d (in FIG. 33) and the exposed gate pad 112c electrically to each 
other. 

Similarly as in the above embodiments, in case that the manufacturing method 
of the thin film transistor substrate disclosed in the fifth embodiment is applied to a 
transmission type LCD, the first electrode pattern 144 and the second electrode pattern 
140 are comprised of a transparent conductive material such as indium tin oxide (ITO) 
or indium zinc oxide (IZO). On the contrary, in case that the manufacturing method is 
applied to a reflection type LCD, the first and second electrode patterns are comprised 
of an opaque conductive material such as chromium (Cr) or AINd alloy. In case of the 
transmission type LCD, while since the transparent conductive film is provided for the 
contact patterns, the transparent conductive film having a relatively lower conductivity 
than the metal patterns is used, it is preferably that the contact holes which are 
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connected to each other through the electrode patterns should be arranged as close as 
possible in order to minimize influences on the electrical characteristics of the gate 
driving circuit due to the contact resistance. 

In addition, to prevent an increase in the contact resistance or a contact failure 
due to a misalignment, it is preferable that a sufficient margin for the contact pattern size 
should be secured to a degree capable of covering the contact hole sufficiently. 

In the meanwhile, when the reflection electrode of the TFT substrate for the 
reflection type LCD has a specific uneven surface, a photosensitive organic insulating 
film having an uneven surface may be used as the passivation film. Since the 
photosensitive organic insulating film does not require a process for forming a 
photosensitive mask pattern thereon, at least one patterning process for forming a 
contact hole and an irregular surface may be omitted. 

According to the fifth embodiment of the present invention, the contact gate 
pattern that is extended from the gate electrode of the first thin film transistor of the gate 
driving region and the contact data pattern that is extended from the source/drain 
electrode of the second thin film transistor are simultaneously formed when the pixel 
electrode is patterned. Accordingly, the number of the masks used for forming the thin 
film transistor can be decreased to five sheets. 

Thus, the number of contacts in the peripheral region is minimized. And, a gate 
driving circuit may be integrated in a minimized area compared with the panel size. 

Embodiment 6 

FIG. 8 is a sectional view of the amorphous silicon thin film transistor substrate 
in accordance with the present embodiment. 

Comparing FIG. 8 with FIG. 7, constitution of the data line is different. In other 
words, as shown in FIG. 8, the data line 144 is formed on the passivation film 130 
together with the pixel electrode 140 and it is spaced apart by a certain distance from 
the pixel electrode 140. Specifically, as shown in FIGS. 31 and 32, the data line 144 is 
formed on the source electrode 120a, not on whole the pixel region on the resultant 
substrate. By depositing a metal film such as a Cr film to have a thickness of 
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approximately 1,500 A on the resultant substrate including the active patterns and then 
patterning the deposited metal film by the conventional photolithography method using a 
third mask, the data pattern is formed as shown in FIG. 32. 

As shown in FIG. 8, the passivation film 130 of silicon nitride approximately 1.85 
urn thick is formed on the resultant substrate including the data pattern. Then, contact 
holes H1-H4 are formed in the passivation film 130 through the 'conventional 
photolithography method using a fourth mask. Specifically, the first contact hole H1 is 
formed at the pixel region and the first contact hole H1 partially exposes the source 
electrode 120a. The second contact hole H2 is formed at the pixel region and the 
second contact hole H2 partially exposes the drain electrode 120b. The third contact 
hole H3 is formed at the gate driving region and the third contact hole H3 exposes the 
contact gate pattern 112f. The fourth contact hole H4 is formed at the gate driving region 
and the fourth contact hole H4 exposes the contact data pattern 120h. In addition, at the 
pad region are formed fifth and sixth contact holes H5 and H6 for partially exposing the 
gate pad 112c and the data pad 120d respectively. 

Subsequently, a transparent conductive film on the passivation film 130 
including the first to sixth contact holes H1 - H6 is formed to have a thickness of 
approximately 1 ,500 A. The deposited transparent conductive film is patterned by the 
conventional photolithography method using a fifth mask. 

In other words, there are formed the data line (or first electrode pattern) 144 
coupled to the source electrode 120a of the pixel region through the first contact hole 
H1, the pixel electrode pattern (or second electrode pattern) 140 coupled to the drain 
electrode 120b of the pixel region through the second contact hole H2, a third electrode 
pattern 142 which electrically connects the exposed gate pattern 112f of the gate driving 
region with the exposed data pattern of the gate driving region through the third and 
fourth contact holes H3 and H4, and a fourth electrode pattern 143 which electrically 
connects the gate pad 112c of the pad region with the data pad 120d of the pad region 
through the fifth and sixth contact holes H5 and H6. Here, the third electrode pattern 
142 and the fourth electrode pattern 143 are regarded as the same type contact 
terminal from a fact that they electrically connect a part of the gate pattern with a part of 
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the data pattern each other. 

According to the sixth embodiment of the present invention, a contact area in 
the peripheral region is minimized. Thus, a gate driving circuit may be integrated in a 
minimized area compared with the panel size. Further, since appliance range of the 
pixel electrode in the gate driving region is limited to the contact portion and thereby 
circuit characteristic is not influenced on kinds of used electrodes, a stable circuit can be 
obtained. 

As described previously, according to the present invention, a contact area in 
the peripheral region is minimized and thereby a gate driving circuit can be integrated in 
a minimized area compared with the panel size. 

Further, since appliance range of the pixel electrode in the gate driving region is 
limited to the contact portion and thereby circuit characteristic is not influenced on kinds 
of used electrodes, a stable circuit can be obtained. 

Furthermore, the active pattern, the source electrode, and the drain electrode 
are formed by one masking process and the contact gate pattern extended from the 
gate of the first thin film transistor and the contact data pattern extended from the 
source/drain electrode of the second thin film transistor are simultaneously formed while 
the pixel electrode is patterned. Accordingly, the number of the masks used for forming 
the thin film transistor can be decreased to four sheets. 

Moreover, since the data line is formed together with the pixel electrode, there 
can be prevented a short failure or an open failure of the data patterns due to the 
complexity of the data patterns within the pixel region. 

In addition, the contact gate pattern that is extended from the gate electrode of 
the first thin film transistor of the gate driving region and the contact data pattern that is 
extended from the source/drain electrode of the second thin film transistor are 
simultaneously formed while the pixel electrode is patterned. Accordingly, the number of 
the masks used for forming the thin film transistor can be decreased to five sheets. 

Moreover, since the passivation film can be formed of acryl resin-based 
photosensitive organic substance, the number of the process steps for forming contact 
holes is decreased and thereby the manufacturing process is simplified. 
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While the present invention has been described in detail, it should be 
understood that various changes, substitutions and alterations can be made hereto 
without departing from the spirit and scope of the invention as defined by the appended 
claims. 
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